Whittier College

Poet Commons
Environmental Science

Faculty Publications & Research

2016

Role of soil texture, clay mineralogy, location, and temperature in
coarse wood decomposition—a mesocosm experiment
Cinzia Fissore
cfissore@whittier.edu

Martin F. Jurgensen
James Pickens
Chris Miller
Deborah Page-Dumroese

See next page for additional authors

Follow this and additional works at: https://poetcommons.whittier.edu/envsc
Part of the Biology Commons

Recommended Citation
Fissore, C., Jurgensen, M. F., Pickens, J., Miller, C., Page‐Dumroese, D., & Giardina, C. P. (2016). Role of soil
texture, clay mineralogy, location, and temperature in coarse wood decomposition—a mesocosm
experiment. Ecosphere, 7(11), 1-13. https://doi.org/10.1002/ecs2.1605

This Article is brought to you for free and open access by the Faculty Publications & Research at Poet Commons. It
has been accepted for inclusion in Environmental Science by an authorized administrator of Poet Commons. For
more information, please contact library@whittier.edu.

Authors
Cinzia Fissore, Martin F. Jurgensen, James Pickens, Chris Miller, Deborah Page-Dumroese, and Christian
P. Giardina

This article is available at Poet Commons: https://poetcommons.whittier.edu/envsc/1

Role of soil texture, clay mineralogy, location, and temperature
in coarse wood decomposition—a mesocosm experiment
CINZIA FISSORE,1, MARTIN F. JURGENSEN,2 JAMES PICKENS,2 CHRIS MILLER,2
DEBORAH PAGE-DUMROESE,3 AND CHRISTIAN P. GIARDINA4
1

Department of Biology and Environmental Science, Whittier College, Whittier, California 90608 USA
School of Forest Resources and Environmental Science, Michigan Technological University, Houghton, Michigan 49931 USA
3
USDA Forest Service, Rocky Mountain Research Station, Moscow, Idaho 83843 USA
4
USDA Forest Service, Paciﬁc Southwest Research Station, Institute of Paciﬁc Islands Forestry, Hilo, Hawaii 96720 USA

2

Citation: Fissore, C., M. F. Jurgensen, J. Pickens, C. Miller, D. Page-Dumroese, and C. P. Giardina. 2016. Role of soil
texture, clay mineralogy, location, and temperature in coarse wood decomposition—a mesocosm experiment. Ecosphere
7(11):e01605. 10.1002/ecs2.1605

Abstract. Of all the major pools of terrestrial carbon (C), the dynamics of coarse woody debris (CWD)
are the least understood. In contrast to soils and living vegetation, the study of CWD has rarely relied on
ex situ methods for elaborating controls on decomposition rates. In this study, we report on a mesocosm
incubation experiment examining how clay amount (8%, 16%, and 24% clay), clay type (soil reconstructed
with kaolinite vs. montmorillonite), wood placement (on litter layer surface, at the litter layer–soil interface,
buried in the mineral soil), and laboratory incubation temperature (10°, 20°, or 30°C) control decomposition rates of highly standardized stakes and blocks of coarse aspen wood. Clay type effect was pronounced, with wood decomposing more quickly in kaolinite- than in montmorillonite-amended soils,
perhaps due to a combined effect of moisture and microbial access to the substrate. Clay amount had only
very limited effect on wood decomposition, which was a function of contact with the mineral soil (Surface < Interface < Mineral), perhaps due to greater contact with the decomposer community. Temperature
effects were signiﬁcant and dependent on interactions with clay type and wood placement. Effects of temperature on wood decomposition declined as the effects of soil variables increased, suggesting a hierarchy
of controls on wood decomposition rates. Both water content and temperature had a strong effect on wood
decomposition. Our results highlight that multiple interacting factors likely regulate wood decomposition
processes. Multifactorial ﬁeld experiments are needed to examine the physical, chemical, and biological
factors controlling wood decomposition.
Key words: aspen wood stakes; clay mineral assemblages; kaolinite; mesocosm incubation; montmorillonite; wood
decomposition.
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INTRODUCTION

2008, Hagemann et al. 2010), and it represents a
substantial, yet poorly quantiﬁed component of
the terrestrial CO2 ﬂux to the atmosphere
(Harmon and Hua 1991, Weedon et al. 2009). A
better understanding of the factors that control
early stages of wood decomposition would assist
with efforts to identify relevant CO2 offset
opportunities.

Dead wood material, often described as coarse
woody debris (CWD), can comprise 20% or more
of total forest biomass (Harmon et al. 1986,
Heath et al. 2003). Wood is considered an important terrestrial carbon (C) sink due to its relatively slow decomposition rate (Woodall et al.
❖ www.esajournals.org
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Enormous attention has been devoted to
understanding the effects of biotic and abiotic
factors on the decomposition of leaf litter (e.g.,
Hobbie 1996, Harmon et al. 2009), roots (e.g.,
Merckx et al. 1985, Silver and Miya 2001, Harmon et al. 2009), and soil organic C (SOC) in
mineral soil (e.g., Winkler et al. 1996, Townsend
et al. 1997, Giardina and Ryan 2000, Fissore et al.
2008). In comparison with ﬁne litter, ﬁne roots,
and SOC, there have been relatively few studies
on the factors, especially with respect to soil
characteristics, that control decomposition of
CWD (Chambers et al. 2000, Mackensen et al.
2003, Jurgensen et al. 2006).
Plant material decomposition and the stabilization of organic matter (OM) in organic and
mineral horizons represent a complex set of processes involving the processing and decomposition of OM by diverse communities of soil fauna
and microorganisms, as well as chemical–physical interactions with mineral soil particles (e.g.,
Six et al. 2002, Giardina et al. 2014). While
decomposition of CWD is likely to be sensitive to
the same factors and underlying processes that
control C decomposition and storage in other
compartments of terrestrial ecosystems, the large
size of CWD (>2 cm in diameter) and high variation in wood chemistry across species suggest
that CWD decomposition may be distinct from
that of ﬁne litter or SOC (Garrett et al. 2007). To
date, studies have shown that wood decomposition is driven primarily by climatic conditions,
wood chemistry, and soil biota (e.g., Chambers
et al. 2000, Stokland 2001, Beets et al. 2008, Gonzales et al. 2008, Hermann and Prescott 2008,
Freschet et al. 2012, Bradford et al. 2014).
Soil texture, and especially the amount of clay
and related surface properties, has been extensively described as a driver of litter and SOC
decomposition and subsequent stabilization
(SØrensen 1981, Jastrow et al. 2007, Berhe and
Kleber 2013), which can contribute to offsetting
atmospheric CO2 concentrations and future climate warming. Concentrations of SOC generally
increase as soil particle sizes decrease (e.g., Adisa
and Nortcliff 2011), as do water retention and
nutrient exchange properties (e.g., Elliot et al.
1980, Stotzky and Rem 2002)—conditions that
affect soil microbial–substrate interactions (e.g.,
Frey et al. 1999). Increased SOC concentration
with increasing clay content also leads to greater
❖ www.esajournals.org

stabilization of microbially produced metabolites, which are less available for further decomposition (e.g., Merckx et al. 1985, Amato and
Ladd 1992, Saggar et al. 1996, Scott et al. 1996).
It is unclear whether a greater amount of claysized particles results in an increase in OM
decomposition by increasing water-holding
capacity and nutrient exchange sites, but increasing clay content could also reduce soil O2 levels
and increase protection of OM, by reducing substrate accessibility, both of which would reduce
OM decomposition rates (Umar 2010). Using global databases, Silver and Miya (2001) indicated
that the decomposition of conifer, broadleaf, and
graminoid roots was greater in clay loam soils
than in either four coarser-textured soil classes or
ﬁner-textured clay soils, suggesting a decomposition sweet spot of the above factors. Saggar et al.
(1996) found a more rapid decomposition of fresh
rye grass in two silt loam soils (20% clay) than in
ﬁner-textured soils (58% clay). Mtambanengwe
et al. (2003) reported, for a mesocosm experiment,
a linear decline in soil CO2-C respiration as clay
content increased from 5.6% to 56%. In contrast to
these studies, Scott et al. (1996) found no effect of
soil texture on the decomposition of wheat straw
in sand, sandy loam, or loam soils. Similarly, one
of the few studies trying to relate soil texture and
soil horizon development to wood decomposition
failed to ﬁnd signiﬁcant effects (Fahey and Arthur
1994). Such uncertainty may relate to the need to
investigate not only soil texture, and by default
clay amount, but also speciﬁc characteristics of
the mineral phase (surface area, cation exchange
capacity, etc.) and the potential role of clay type in
affecting wood decomposition.
Clay types, because of their speciﬁc characteristics, can have a strong inﬂuence on OM decomposition. Clay minerals with a 2:1 interlayer lattice
structure, such as montmorillonite, are characterized by high interlayer surface area and charge,
which increases water retention, cation exchange
capacity (CEC), aggregate formation, and protection of microbial metabolites from decomposers
(Dixon 1981, Saggar et al. 1996, Miltner and Zech
1998). Clays with a 1:1 lattice structure, such as
kaolinite, have lower surface area, hold less water,
and would be less protective of C metabolites
released during the decomposition process (Torn
et al. 1997). In a 30-day laboratory incubation
study, D’Acqui et al. (1998) found that tree leaf
2
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the design would also allow us to explore diverse
interactions between factors; for example, how
temperature effects might vary with wood position or clay amount.

litter decomposed more rapidly in soil mixed with
montmorillonite clay than with kaolinite. Similar
results for other organic substrates were reported
by Stotzky (1986), Holland and Coleman (1987),
and Saggar et al. (1996).
Most wood decomposition studies have been
conducted on wood located on the surface or
incorporated into the litter layer, but much less is
known on factors controlling decomposition of
wood located within the mineral soil (Smyth
et al. 2016). In moving from the litter surface to
mineral soils, wood is exposed to different soil
physical, chemical, and microbial regimes (Jurgensen et al. 2006, Osono et al. 2006, Fujii and
Takeda 2010, Smyth et al. 2016), which affect
decomposition rates and subsequent incorporation and stabilization of wood-derived C in the
soil matrix (Holland and Coleman 1987, Remsburg and Turner 2006, Van der Wal et al. 2007).
Because of the paucity of studies on CWD
decomposition in relation to clay type and clay
amount, either at the soil surface or in the mineral soil, we established a highly controlled,
long-term (420-d) mesocosm experiment to
understand controls on early stages of coarse
wood decomposition. This experiment included
treatments of clay type and amount (three levels
of montmorillonite and kaolinite clay added to a
sand soil), wood placement (on the surface of a
litter layer—Surface Block, the litter layer–mineral
soil interface—Interface Block, and embedded in
the mineral soil—Mineral Stake), with three replicates of all combinations of the above treatments
run at each of three laboratory incubation temperatures (LITs). We hypothesized that (1)
increased amounts of each clay type would
decrease wood decomposition rates as higher
clay content may physically protect wood from
the decomposer community; (2) wood would
decompose more quickly when associated with
soils containing 2:1 lattice-structure montmorillonite clay, due to a higher water-holding capacity, than with soils containing 1:1 kaolinite clay;
(3) Mineral Stake decomposition would be fastest,
while Surface Block decomposition would be
slowest because contact with mineral soil
exposes wood directly to decomposers and other
resources required by the decomposer community; and (4) as the incubation temperature
increases, wood decomposition rates would also
increase. We anticipated that the complexity of
❖ www.esajournals.org

MATERIALS AND METHODS
Soil and clays
We collected approximately 200 kg of a sand
soil (Typic Haplargids: 91% sand, 6.4% silt, 2.5%
clay) from the Sevilleta National Wildlife Refuge,
New Mexico, USA. We selected this soil because
it contains low levels of organic C (0.5%) and N
(0.02%). Vegetation cover where soils were sampled was predominantly black grama (Boutelous
eripoda Torr.). Soils from 0 to 10 cm depth were
excavated after vegetation was removed by clipping and scalping. The soils were sent to the
USDA Forest Service laboratory in Houghton,
Michigan, USA, in sealed ~40-L plastic buckets,
where they were immediately processed by passing soils through a 5-mm mesh screen to remove
rocks and plant material (roots, stems). Soils
were then repeatedly mixed to homogenize
them, and sieved through a 2-mm mesh. Soils
were placed back into sealed buckets and stored
for up to 2 months until mesocosm construction.
In preparation for mesocosm construction,
Sevilleta soil was mixed with varying amounts of
Ca-montmorillonite or kaolinite to yield three texture groups: 8%, 16%, and 24% clay. We also
examine how three levels of incubation temperature would affect wood decomposition under
both clay type and clay amount treatments (3 clay
amounts 2 clay types 9 3 incubation temperatures = 18 possible combinations of treatments).
We replicated each combination three times,
yielding a total of 54 mesocosms. Prior to mixing,
the mineralogy of each clay was conﬁrmed
through X-ray diffraction analysis (Scintag Inc.,
Cupertino, California, USA), and the C and N
contents were determined: montmorillonite 0.5%
C, below detection N; kaolinite 0.07% C, 0.02% N.

Mesocosms
Construction.—We constructed 54 mesocosms
(volume = 5.3 L) using 30 cm long, 15 cm diameter PVC pipe, which were sealed at the bottom
with a PVC tube stopper. To allow for drainage,
a 1 cm diameter hole was drilled in the stopper,
3
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and then ﬁtted with a removable cap. A 2-mm
plastic mesh was placed at the bottom of each
cylinder to keep the drainage hole open and
avoid soil loss. The open end of the cylinder was
ﬁtted with a 15 cm diameter PVC tube stopper,
which was ﬁtted with a 1 cm diameter rubber
septum. Silicon-based high-vacuum grease was
placed on each septum and cylinder rim to stop
gas loss when the stoppers were in place. Gas
leakage tests were run prior to the start of the
experiment to conﬁrm airtightness.
Each cylinder was ﬁlled with one of the six
types of soil–clay mixture, and packed to give a
soil bulk density of ~1.30 gcm3. During the ﬁlling operation, a 20 cm 9 2.5 cm 9 2.5 cm aspen
wood stake (Mineral Stake) of known weight was
placed in each cylinder so the top of the stake was
at the soil surface. A 2.5 cm 9 2.5 cm 9 2.5 cm
aspen wood block (Interface Block) of known
weight was placed on top of the mineral soil. The
soil and the Interface Block were then covered with
5.46 g of loose, freshly fallen aspen leaf litter collected from an aspen forest near Houghton,
Michigan. This aspen litter amount is 150% of estimated annual litterfall for young aspen forests in
the region (Talhelm et al. 2012). A second
2.5 cm 9 2.5 cm 9 2.5 cm aspen wood block
(Surface Block) of known weight was placed on
top of the leaf litter. Control wood sections 3 cm
long were cut from each mineral stake prior to
mesocosms assemblage and stored for future C
and N calculations.
Each mesocosm was top-watered to 70%
water-holding capacity (WHC). 100% WHC was
determined for each combination of clay type
and amount at a bulk density of 1.3 Mgm3. A
known amount of air-dry soil (0% WHC) was
saturated, allowed to drain freely for about 6 h,
and weighed. The difference between the weight
of air-dry soil and freely drained soil was taken
as 100% WHC.
In order to help establish naturally occurring
microbial communities in the soil–clay mixtures,
a soil extract was obtained by shaking a solution
of 250 mL of DI water and 100 g of subsurface
mineral soil (collected from the same aspen forest
where leaf litter was collected) for 24 h, ﬁltered
through a 47-lm cloth mesh, and mixed with
water during the ﬁrst wetting cycle. Fertilizer
(Scott Miracle-gro 30-10-10) was also added to
each mesocosm at this time (0.51 mg N, 0.17 mg
❖ www.esajournals.org

P, and 0.17 mg K) to avoid soil N and P levels
limiting microbial activity.
Incubation.—Eighteen mesocosms were incubated for 420 days at one of three controlled temperatures (LITs): 10°, 20°, and 30°C. The 10° and
30°C mesocosms were placed in Precision 815
low-temperature incubators (Winchester, Virginia,
USA), while the 20°C mesocosms were incubated
in the USDA Forest Service soil laboratory, which
was maintained at controlled 20°  2°C throughout the experiment. Four drying and rewetting
cycles of approximately 100 days each were
applied to each mesocosm. At the beginning of
each cycle, water was added to bring the soil
moisture content back to 70% WHC.
At the end of the incubation, we removed all
Surface Blocks, handpicked leaf litter from the soil
surface, and removed all Interface Blocks and Mineral Stakes. All wood and leaf litter samples were
weighed, placed in a drying oven at 105°C, and
weighed again to determine moisture content
and percentage weight loss. Changes in C and N
contents of Mineral Stakes in the different clay
mesocosms were determined by comparing the
Mineral Stake C and N contents to C and N levels
in the corresponding control section (set aside at
the time of mesocosms assemblage). All stakes
and control sections were passed through a
Wiley Mill (0.40-mm screen), a subsample was
ground in a ball mill, and C and N concentrations were measured on a Costech ECS 4010 at
the Soil Analytical Laboratory, School of Forest
Resources and Environmental Science, Michigan
Technological University, Houghton, Michigan.

Calculations and statistical analysis

The decomposition rate constants k (yr1) for
the Surface and Interface Blocks and Mineral Stakes
were calculated according to Eq. (1) following
Olson (1963)
k ¼ lnðDW0 =DWt Þ=t;

(1)

where DW0 is the initial dry mass prior to the
incubation and DWt is the dry mass at the end of
the period t (1.15 yr).
This factorial experiment of a completely randomized design investigated four factors in the
wood stake and wood block weight loss model.
The factors considered were wood location (three
levels: Surface, Interface, and Mineral), clay
amount (three levels: 8%, 16%, and 24%), clay
4
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type (two levels: montmorillonite and kaolinite),
and LIT (three levels: 10°, 20°, and 30°C). The
response variable was wood weight loss as a proportion of original weight. The arcsine square
root transformation was applied to the response
variable to homogenize the error term (Steele
and Torrie 1980).
Initial analyses were conducted using the traditional effects model, where each factor and all
possible interactions were included in the
ANOVA model. When signiﬁcant interactions
were identiﬁed, we used the means model (Milliken and Johnson 1984), which includes each
combination of the factors involved in the interaction as a separate treatment level, to better
assess the signiﬁcant interaction terms. Analysis
of signiﬁcant interaction terms testing certain
hypotheses regarding interaction effects was conducted through the development of contrasts as
described in Petersen (1985). Except for sample
location, we used a similar approach for leaf litter decomposition. Leaf litter weights were transformed using the arcsine square root. Separate
ANOVAs were conducted for wood moisture
levels and C and N contents. In all analyses, we
assessed signiﬁcance at an a = 0.05, and all tests
were conducted using SAS version 9.2.

complexity of the design highlighted various
interactions among study variables, which were
a much more important driver of wood decomposition than anticipated—often overshadowing
main treatment effects. Contrary to our expectations, aspen wood stakes and blocks clearly
decomposed more rapidly in kaolinite vs. montmorillonite soils (Table 1, Fig. 1), with signiﬁcant
interactions with wood position in the mesocosm
(Table 1, Fig. 1). As expected, incubation temperature (LIT) exerted a signiﬁcant overall effect on
wood decomposition, and signiﬁcantly interacted with other study variables (Table 1).
We observed a signiﬁcant interaction among
clay amount, LIT, and wood position (Table 1).
For example, contrasts analysis indicated that
Mineral Stakes placed in soil with 24% montmorillonite that were incubated at 20°C had signiﬁcantly lower mass loss than those incubated in
soil with 16% clay (Fig. 2). Similarly, contrast
analysis showed signiﬁcant differences in wood
decomposition between Mineral Stakes incubated
in 8% montmorillonite vs. 24% clay, at LIT 10°C.
Increasing LIT resulted in increased Mineral
Stakes decomposition in both clay types only
from 10° to 20°C for the 8% and 16% clay content. For 24% clay, each LIT step increase resulted
in signiﬁcantly greater decomposition, but only
for montmorillonite-amended soil (Fig. 2).
As we expected, the overall water content
of Mineral Stakes in montmorillonite-amended
soils was higher than in soil with kaolinite clay

RESULTS
Our incubation mesocosm study yielded results
that only partly supported our hypotheses. The

Table 1. Summary of ANOVA for main and interaction effects on wood stakes and blocks decomposition.
Source

SS

df

MS

F

P

Clay type
Clay amount
LIT
Position
Clay type 9 Clay amount
Clay type 9 LIT
Clay amount 9 LIT
Clay type 9 Position
Clay amount 9 Position
LIT 9 Position
Clay type 9 Clay amount 9 LIT
Clay type 9 Clay amount 9 Position
Clay type 9 LIT 9 Position
Clay amount 9 LIT 9 Position
Clay type 9 Clay amount 9 LIT 9 Position

0.5847
0.0221
0.8878
3.0178
0.0371
0.0295
0.0532
0.1359
0.0288
0.1087
0.0506
0.0337
0.0664
0.1828
0.0667

1
2
2
2
2
2
4
2
4
4
4
4
4
8
8

0.5847
0.0111
0.4439
1.5089
0.0186
0.0147
0.0133
0.0679
0.0072
0.0272
0.0126
0.0084
0.0166
0.0229
0.0083

71.95
1.36
54.62
185.66
2.28
1.81
1.64
8.36
0.89
3.34
1.56
1.04
2.04
2.81
1.03

<0.0001
0.261
<0.0001
<0.0001
0.1069
0.1681
0.1708
0.0004
0.4756
0.0127
0.1917
0.3913
0.0938
0.0072
0.4218

Notes: Bold values indicate signiﬁcance at a = 0.05. LIT, laboratory incubation temperature.

❖ www.esajournals.org
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Fig. 1. Effect of clay type and degree of contact with
soil on wood stakes and blocks decomposition
expressed as percentage mass loss. Bars are average  SE. Different letters indicate signiﬁcant difference at a = 0.05.

(signiﬁcantly higher only at LIT 10°C), and
decreased signiﬁcantly with increasing LIT at all
clay levels (Table 2). However, contrary to our
expectations, higher Mineral Stakes water contents
were associated with lower wood decomposition
in montmorillonite-amended mesocosms, which
was likely related to signiﬁcant wood water–LIT
interaction at these temperatures (wood water
% 9 LIT: P = 0.015).
Similar to Mineral Stakes, wood decomposition
for Interface Blocks increased from 10° to 20°C in
both clay types, but not from 20° to 30°C, and
was signiﬁcantly greater with kaolinite clay than
with montmorillonite at all LITs (Fig. 3). Interface
Blocks incubated at LIT 10°C had signiﬁcantly
higher moisture contents than at 20° and 30°C,
while moisture content was not signiﬁcantly different between LITs 20° and 30°C (Table 3).
Surface Blocks decomposition increased with
increasing LIT in kaolinite-amended soils, but
mass loss was signiﬁcantly different between
LITs 10° and 30°C (Fig. 3). Conversely, wood
mass loss was not signiﬁcantly different across
LITs in montmorillonite-amended soils (Fig. 3).
Water content in Surface Blocks was signiﬁcantly
lower than in Interface Blocks only at LIT 10°C,
whereas there was no signiﬁcant difference at
20° and 30°C (Table 3). There was a correspondence between Surface Blocks decomposition and
aspen leaf litter decomposition, as both Surface
❖ www.esajournals.org

Fig. 2. Effect of clay type, clay amount, and incubation temperature (LIT) on mass loss and water content
of Mineral Stakes at the end of a 420-day incubation†.
Values are means  SE. (A) Kaolinite-amended soils.
(B) Montmorillonite-amended soils. †Values denoted
with an asterisk are signiﬁcantly different (a = 0.05)
between clay type at the same LIT and clay %. Bars
with different letters indicate signiﬁcant difference
within clay type and LIT.

Blocks and leaf litter decomposition were not
affected by clay type or clay amount, but positively responded to increasing temperature.
Aspen leaf litter that was placed on top on the
mineral soil–clay mixtures increased with LIT as
follows: 17.6% at 10°C, 34.2% at 20°C, and 53.4%
at 30°C.
Decomposition rate constants (k) of Mineral
Stakes over the study period reﬂect the mass loss
patterns between the two clay types, averaging
0.420 (0.190) for kaolinite and 0.259 (0.155)
for montmorillonite clay across the three incubation temperatures and clay amounts (P = 0.008;
Table 4). Average k rates of aspen Interface Blocks
were also signiﬁcantly higher (P = 0.0001) with
kaolinite clay (0.172  0.08) than with montmorillonite (0.066  0.032). Kaolinite-amended soils
6
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Table 2. Mineral Stakes mass loss and water content
across clay types and LITs.
Average
Clay type
Kaolinite

Montmorillonite

LIT
10°C
20°C
30°C
10°C
20°C
30°C

Mass loss (%)
A

24.9 *
45.0B*
38.8AB
12.9A*
30.7B*
29.3B

Water (%)
36.7*
41.5
30.4
90.5X*
53.8Y
30.3Z

Notes: Average mass loss and water values with uppercase
letters are signiﬁcantly different among LITs within the same
clay type. All values denoted with an asterisk are signiﬁcantly
different between clay types at the same LIT. LIT, laboratory
incubation temperature.

resulted in marginally higher k than montmorillonite-amended soils in the case of Surface Blocks
(0.066  0.063 vs. 0.052  0.025), but the difference was not signiﬁcant.
Carbon concentrations in Mineral Stakes
showed little change at the end of the incubation,
and C loss was strongly correlated with mass
loss (r2 = 0.99, P < 0.001, results not shown). In
contrast to C, wood N concentrations increased
in both clay types as wood decomposition
increased in response to differences in LIT and
clay amount (Table 5; r2 = 0.80). These higher N
concentrations were caused by the immobilization of initial wood N by decay fungi, and inputs
of N from external sources (% N gain) during the
decomposition process. However, the amounts
of N accumulated during decomposition of the
high C:N Mineral Stakes did not affect wood mass
loss in both clay types (kaolinite: P = 0.84, montmorillonite: P = 0.55), but generally reﬂect
increased wood decomposition with higher incubation temperatures (P = 0.015).

Fig. 3. Effect of clay type and incubation temperature on wood mass loss for (A) Interface and (B) Surface
Blocks at the end of the 420-day incubation†. Values
are means  SE. †Bars denoted with an asterisk are
signiﬁcantly different (a = 0.05) between clay type at
the same LIT. Bars with different letters indicate significant difference across LITs within same clay type.
Clay % in both clay–soil mixtures had no signiﬁcant
effect on Surface and Interface Blocks mass loss.

DISCUSSION

Table 3. Average moisture content % of Surface and
Interface Blocks at the end of the 420-day incubation.†

Our study indicates that interactive effects
among factors affect wood decomposition to a
greater degree than initially anticipated. The
results from our 420-day incubation study
showed that, opposite to our expectations, aspen
wood decayed much faster in a sand soil
amended with kaolinite clay than in sand soil
amended with montmorillonite clay. We initially
speculated that the greater surface area and
higher cation exchange capacity (CEC) of a 2:1
❖ www.esajournals.org

Wood position
Surface
LIT

Interface
Water content (%)

13.9
11.2
10.9

10°C
20°C
30°C

17.9
12.4
12.7

Note: LIT, laboratory incubation temperature.
† Values with  are signiﬁcantly different between Surface
and Interface Blocks at a = 0.05 for the same LIT.
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Table 4. Aspen wood decomposition rates (k) across incubation temperatures and clay types and amounts at the
end of the 420-day incubation.
LIT
10°C
Clay type

Wood position

Kaolinite

Clay amount (%)

20°C
k values

30°C
Average k
0.066  0.063

Surface
8
16
24

0.014  0.003
0.023  0.009
0.008  0.001

0.046  0.061
0.072  0.080
0.033  0.012

0.060  0.021
0.180  0.031
0.161  0.064

8
16
24

0.069  0.033
0.076  0.017
0.103  0.049

0.164  0.101
0.149  0.100
0.220  0.035

0.234  0.067
0.238  0.084
0.299  0.240

8
16
24

0.240  0.047
0.222  0.090
0.293  0.071

0.841  0.424
0.481  0.141
0.368  0.108

0.353  0.261
0.441  0.109
0.538  0.182

8
16
24

0.073  0.062
0.029  0.034
0.019  0.000

0.050  0.038
0.065  0.060
0.067  0.084

0.061  0.028
0.087  0.058
0.017  0.012

8
16
24

0.020  0.022
0.058  0.006
0.013  0.000

0.066  0.023
0.107  0.058
0.101  0.041

0.078  0.019
0.084  0.041
0.069  0.048

8
16
24

0.184  0.043
0.114  0.063
0.067  0.006

0.349  0.139
0.554  0.284
0.139  0.046

0.224  0.025
0.327  0.062
0.374  0.170

Interface

Mineral

Montmorillonite

0.172  0.080 

0.420  0.190 

0.052  0.025

Surface

Interface

Mineral

0.066  0.032 

0.259  0.155 

Notes: Values are means  SD. Asterisks indicate signiﬁcant difference for average k between clay types with similar wood
position.

clay, such as montmorillonite, would retain more
moisture during the extended decomposition
process than those of a 1:1 clay, thereby favoring
greater microbial activity in the mesocosms.
D’Acqui et al. (1998) reported more rapid

decomposition of chestnut and beech leaf litter in
a 30-day laboratory study when mixed with pure
montmorillonite clay than with kaolinite. Nelson
et al. (1997) reported greater mineralization of pea
straw in soil amended with 15% illite–kaolinite

Table 5. Effect of clay type and clay amount on N concentrations and N gains during the decomposition of
Mineral Stakes.†
Clay amount
8%
Clay type and LIT
Kaolinite
10°C
20°C
30°C
Montmorillonite
10°C
20°C
30°C

16%

24%

N (%)

N gain (%)

N (%)

N gain (%)

N (%)

N gain (%)

0.145
0.501
0.237

133
276
190

0.115
0.221
0.233

81
139
187

0.132
0.176
0.241

76.2
118.5
132.4

0.174
0.268
0.137

179
255
117

0.106
0.360
0.175

84
182
132

0.060
0.059
0.194

8.3
0.9
135.9

† Values with  are signiﬁcantly different between clay type with the same clay % and same LIT.
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clay than with 15% smectite, which they attributed to greater OM protection from microbial
attack by the 2:1 lattice clay. Brais and Drouin
(2012) speculated that wood decomposition
would be slower in a soil with low CEC, although
they did not mention potential effects of speciﬁc
clay types. Additionally, it has been shown that
soil with higher CEC can reduce OM decomposition by immobilizing the substrate or enzymes on
exchange sites or in soil aggregates (Chivenge
et al. 2011). However, in our study, most fungal
wood decay occurred within large stakes or
blocks rather than in OM well mixed with soil
particles, suggesting that few fungal metabolites
and enzymes would be held on montmorillonite
exchange sites. If this were the case, greater CEC
in our montmorillonite-amended soil would not
be sufﬁcient to explain the greater mass loss and
wood decay rate in our kaolinite-amended soils.
We were surprised by the overall small impact
that clay amount had on wood decomposition in
our study. In part, the non-signiﬁcant main effect
can be explained by the signiﬁcant high-level,
interactive effects involving clay amount, especially in montmorillonite-amended soils. Other
studies incorporated 14C-labeled or unlabeled
plant materials into soils with varying textures
and clay amounts, and measured decomposition
as CO2 efﬂux or C retention (e.g., Saggar et al.
1996, Mtambanengwe et al. 2003), ﬁndings that
seem to point to a signiﬁcant effect of clay
amount on substrate decomposition. However,
the OM used in these studies was well mixed
with mineral soil, and these results may reﬂect
the rapid decomposition of OM mixed with the
mineral soil and the incorporation into soil C
pools, but also secondary decomposition of
microbial biomass and metabolites active in the
initial decay process. Others have observed
greater plant substrate decomposition in coarserrather than in ﬁner-textured soil (e.g., Strong
et al. 2004); however, some have argued that
moisture may exert substantial effects on substrate decomposition (Manning et al. 2008,
Smyth et al. 2016). Similarly, Chivenge et al.
(2011) suggest that maize residues in clay soils,
as compared to sand soils, resulted in relative
greater C stabilization in soils due to a combination of soil moisture and soil texture effects.
Yatskov et al. (2003) argued that temperature
affects wood decomposition more than moisture.
❖ www.esajournals.org

While high water content can inhibit wood
decomposition (Smyth et al. 2016), low water
levels have less impact (Hicks 2000, Hicks et al.
2003). In our study, Mineral Stakes incubated in
montmorillonite-amended soil had higher water
contents than Mineral Stakes incubated in kaolinite, as observed at the end of the study. However,
wood in mesocosms of either clay type was unlikely to be wet enough for extended periods during the four wet–dry cycles to severely limit
oxygen availability to wood-decay fungi, especially at the higher incubation temperatures.
Therefore, the lower Mineral Stakes decomposition
observed in our montmorillonite-amended soil
was likely not caused by oxygen limitations deriving from high wood water content. Additionally,
wood decomposition was greater with kaolinite
at 10° and 20°C and in soil with 24% clay, and
there was no signiﬁcant difference in wood water
content among clay amounts in both clay types.
Temperature had a signiﬁcant effect on our
Surface and Interface Blocks and Mineral Stakes, in
particular for temperature changes from 10° to
20°C. Decomposition studies across various
ecosystems have reported a two- to threefold
increase in fungal activity per 10°C temperature
step increase, followed by a rapid decline when
temperature exceeds microbial optimum at
approximately 40°C (Hicks 2000). Our study
highlighted several interactive effects of laboratory incubation temperature with other factors,
such as wood placement. This is in line with the
observation by Mackensen et al. (2003), who
observed that for wood placed on top of the forest ﬂoor, temperature was the main driver of
wood decomposition. Similarly, Smyth et al.
(2016), in a ﬁeld experiment, noted that wood
blocks placed on the litter surface tend to dry
due to the effect of temperature and have slower
decomposition than similar blocks buried in the
soil. It is often difﬁcult to separate the combined
effect of increasing temperature from decreased
substrate water content.
Mineral Stakes in both montmorillonite- and
kaolinite-amended soils accumulated external N
during decomposition, as also observed in the
ﬁeld by Smyth et al. (2016). The accumulated N
derives from fungal transport of N from the mineral soil into wood during the decomposition
process (Tlalka et al. 2008), and from the activity
of N2-ﬁxing bacteria in the wood (Hendrickson
9
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wood water content relationships between the
two clays, and possibly explain why clay amount
had such limited effect on wood decomposition.
We note that we were not able to also vary moisture as a treatment, but we strongly suspect that
clay type by moisture-level interactions could
exert a strong inﬂuence on the processes examined here and could be valuable to better compare future laboratory work to ﬁeld conditions.
Improved understanding of the effect of soil–
clay type on early stages of wood decomposition
will further elucidate the role of clay minerals in
terrestrial C cycling and may help incorporating
clay–wood relationships into existing C decomposition models. The mixed results concerning
the effects of texture on early wood decomposition, the lack of information concerning wood
decomposition across textural gradients and for
speciﬁc clay types, and the lack of controlled
studies all point at the need for further investigations.

1991). The N content of aspen wood is typically
low (C:N = 300–400), and adding N before or
during decomposition could increase the wood
decay rate, as observed for recalcitrant plant substrate by Chivenge et al. (2011). However, N
availability did not seem to be an important factor in our study, as the amounts of N accumulated during wood decomposition were poorly
correlated with stake decomposition in both clay
types and were more likely reﬂective of the wood
water content–LIT effect on wood decomposition, especially in the montmorillonite-amended
soils.
Wood decomposition differences between Surface Blocks, Interface Blocks, and Mineral Stakes
demonstrate the importance of wood contact
with the mineral soil matrix in the wood decomposition process, as also observed for logs and
branches in a 13-year ﬁeld study by Ganjegunte
et al. (2004) and in wood blocks in a Canadian
forest by Smyth et al. (2016). Such location effect
is likely caused by increased moisture and
greater colonization by wood-decay fungi (Orchard and Cook 1983). In our study, we measured
the mass loss of aspen wood stakes and blocks
placed at three soil locations. Consequently, the
impact of clay type and clay amount on wood
decomposition would primarily occur at contact
points of the wood surface with the mineral soil
and litter particles, or indirectly by affecting the
amount of soil water diffusing into the wood,
and the levels of soil N available to wood-decay
fungi (Hicks et al. 2003, Osono et al. 2006, Van
der Wal et al. 2007). Van der Wal et al. (2007)
linked location-speciﬁc microbial communities to
different decomposition rates for wood fragments incubated for up to 40 weeks in or on top
of two mineral soils with a similar coarse sand
textural class. Temperature differences at different soil locations or depths can affect wood
decomposition (Hagemann et al. 2010), but
would not have been a factor in our controlled
temperature mesocosms.
Looking back at our study design, we speculate that more frequent wood harvest during the
four wet–dry cycles, rather than just at the end of
the study, would have perhaps clariﬁed some of
the still remaining uncertainties concerning drivers of wood mass loss. Speciﬁcally, more frequent wood stake and block samplings could be
useful to better characterize the temperature—
❖ www.esajournals.org

CONCLUSIONS
There have been many studies on decay and
fungal succession of woody material located on
top of the litter layer or on the mineral soil surface after clear-cut harvesting or ﬁre (e.g., Laiho
and Prescott 2004, Remsburg and Turner 2006,
Olsson et al. 2011), but there is paucity of literature that compares wood decomposition in soils
with different clay types, clay amounts, or position in the soil proﬁle. The results of our longterm controlled mesocosm incubation showed
strong effects of clay mineralogy on wood
decomposition, which in part could be due to the
effect of clays on soil porosity, moisture content,
cation exchange capacity, and organo-mineral
bonding. Clay type (kaolinite vs. montmorillonite) more than clay amount affected wood
stakes and blocks decomposition. The study also
highlights the important interactions that are
possible with other variables, such as soil and
wood moisture content, temperature, and level
of contact with the soil matrix. While wood
decomposition was often enhanced by increasing
incubation temperature, results suggest that
overall decomposition is contingent upon
microbe accessibility to the substrate as conditioned by the soil environment and by the level
of protection exerted by clay minerals, processes
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that have been extensively investigated elsewhere and whose investigation was beyond the
scope of this study. Our results point to the interpretation that clay type can inﬂuence temperature-driven rates of wood decomposition rates in
forest ecosystems in a changing climate.
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